ciferase-catalyzed reaction between ATP and luciferin was measured with a Turner Designs luminometer (TD20/20) set up for a 3-s delay and a 10-s integration time. A linear relationship exists between ATP content and cell number; results obtained by this method are expressed as relative luminescence units (RLU).
When complete tissue culture medium was placed in the lower chamber, approximately 1.2% of the input cells migrated during the culture period. Immunomagnetic separation of the input cells with a Minimax column (labeling with anti-CD11c microbeads; Miltenyi, Bisley, United Kingdom) and FACScan analysis (labeling with fluorescein isothiocyanate-labeled antiCD11c antibodies; Pharmingen, Oxford, United Kingdom) confirmed that CD11c ϩ DC but not contaminating CD11c Ϫ cells displayed spontaneous migration (Fig. 1) . Leishmania inhibit DC motility. L. major promastigote (JISH 118, originating in Saudia Arabia)-conditioned medium (PCM) was prepared as follows: parasites were cultured in conditioned medium, metacyclic parasites were recovered for use at the stationary phase of culture (approximately days 5 to 9), and the parasite-conditioned medium (PCM) was collected by centrifugation (600 ϫ g, 5 min). When complete tissue culture medium was replaced by PCM in the lower chamber of the Transwell, DC migration was reduced by up to 93% (average over 5 experiments, 76% Ϯ 5%) ( Fig. 2A and Table 1 ). PCM in which residual dead parasites were present (killed by three rounds of freeze-thawing [F/Th-PCM]) was only marginally less inhibitory than untreated PCM (47% versus 66% inhibition of migration). Similarly, removal of live parasites by filtration (0.22-m-pore-size filter) (F-PCM) had little effect on the inhibition of DC motility (73% inhibition). Together these findings demonstrate that the continued presence of viable promastigotes is not required for inhibition of DC motility. On the other hand, introduction of promastigotes into fresh medium in the lower chamber also inhibited DC migration by up to 24% (data not shown).
Inhibition of DC motility by PCM is dose dependent and reversible. To determine if Leishmania-mediated inhibition of DC motility is dose dependent, F-PCM was assayed neat or diluted 1/2, 1/10, or 1/30 (Fig. 2B ). Neat F-PCM inhibited DC migration by 74%, which was reduced to 33% when F-PCM was diluted 1/2. Further dilution of the F-PCM ablated the ability of F-PCM to inhibit DC migration (Fig. 2B ). The use of short-term culture media-media in which parasites were cultured for 1 h and then removed by centrifugation-was also inhibitory to DC motility in a dose-dependent manner, depending upon the amount of parasites cultured for 1 h (data not shown). This lends support to parasite metabolites being responsible for the observed effect on DC rather than changes in pH or nutrient availability.
PCM-induced inhibition of DC motility is reversible. Transwells containing DC were incubated for 1 h in either medium alone or PCM and then were transferred to new wells contain- After all incubations were complete, medium from the bottom chambers was collected and the number of migrated cells was determined. PCM-mediated inhibition of DC motility (66% after 1 h) was reversible when DC had been removed from the PCM for 1 and 2 h (Fig. 2C) . DC are characteristically motile cells in vitro (2, 7, 10, 18, 19, 20) , and this work demonstrates that products of L. major promastigotes inhibit this movement of DC in a dose-dependent and reversible manner. This effect was not due to toxicity, since DC retained their viability (trypan blue exclusion) and recovered their motility after removal from the parasite-conditioned medium. In addition, parasites added to fresh medium inhibited DC migration, arguing against an effect of toxic metabolites accumulating in the parasite-conditioned medium. Whether the reduced DC motility observed was due to parasite-induced changes in DC adhesion molecules has still to be investigated; however, previous work (8) has shown that coculture of DC with promastigotes does not affect the general aspects of DC activation.
Migration, from the skin to the regional lymph nodes, of DC bearing parasite antigens is likely to be a pivotal step in the generation of protective immunity to Leishmania (11). While it may be possible that perturbations could occur within DC subsets, leading to exacerbation of disease, the literature presently points towards DC migration having a protective role in leishmaniasis (1, 3, 9, 11, 12, 13, 21) . Thus, inhibition of this migration could be a further means by which the parasite can subvert the development of a protective host response. The movement of DC in vivo is presently not fully understood but probably involves cytokine-or antigen-mediated regulation of DC chemokine receptor expression. This may enable the DC to move in response to inflammatory or constitutive chemokines at different stages of their life history. Presently the relationship between these events and the spontaneous migration of DC we have measured in vitro is an open question. Ultimately, in vivo infection experiments will be required to test the significance of our observations.
Leishmania inhibits the motility and chemotaxis of various cells, including monocytes (4), polymorphonuclear neutrophils (16) , and phagocytes (17) . Agonist and antagonist effects of Leishmania upon cell migration and chemotaxis have been reported; this could be accounted for by the use of different strains of parasite and life cycle stages and dissimilar preparations of the parasite (4, 16, 17) . The Leishmania component responsible for inhibition of DC motility is currently unidentified; however, preliminary findings identified the active part of PCM to be Ͻ10 kDa (data not shown). Thus, an excreted/ secreted component, such as the major surface antigen lipophosphoglycan (LPG), is one possibility (4, 16, 17) , since LPG varies in size between 6 and 100 kDa (14, 15) , depending upon various factors of culture technique and parasite life cycle stage.
These observations have significance for vaccine development and immunotherapy. In particular, the reversible nature of the block in DC movement may mean that therapeutic agents which can overcome the effect of the parasite and stimulate movement of antigen-bearing DC into the lymph nodes may be of value in infected individuals.
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